One hundred strains of Mycobacterium fortuitum (M. ranae) were characterized. Strains now recognized as belonging to the species M. chelonei were excluded. Seven serotypes of M. fortuitum showed some correlation with cell wall lipids, colony types, temperature tolerance, Bonicke's biotypes, and other properties. Serotype I was frequently associated with disease, whereas serotype 11, although common in the environment, never was. M. fortuitum subsp. fortuitum and M. fortuitum subsp. giae belong to serotypes I and V, respectively; the other serotypes were not considered worthy of special subspecific designation. A list of the constant and variable characteristics of M. fortuitum is given.
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In 1904 Rupprecht (28) described the occurrence of tuberculosis in a frog, and in the following year Kiister ( 1 9) cultured the causative organism from such cases. These "frog tubercle bacilli" were named Mycobacterium ranae in the first edition of Bergey's Manual o f Determinative Bacteriology in 1923, and this designation was employed in a number of good taxonomic studies by Aronson ( l ) , Furth (8) , Furth and Aronson (9) , Gordon (lo), Griffith (15), Mudd (23) , and Wilson (42) . The name Mycobacterium fortuitum was introduced in 1938 by da Costa Cruz (6) for a supposedly hitherto undescribed species. The synonymity of M. fortuitum and M. ranae was established in 1969 by Stanford and Gunthorpe (3 l), who strongly recommended the reinstatement of M.
ranae as the legitimate name of the species. However, acting on the request by Runyon (27) , the Judicial Commission (Minutes, Judicial Commission of the ICSB, t o be published) of the International Committee on Systematic Bacteriology of the International Association of Microbiological Societies has conserved the specific epithet fortuitum against ranae in the name of this organism.
The name M. fortuitum has not always been used correctly in the literature, and it is likely that many strains identified as belonging t o M. fortuitum were in fact strains of M. chelonei Bergey et al., as suggested by Weiszfeiler et al. (40) . Furthermore Serological studies. The application of immunodiffusion analysis to the taxonomic study of mycobacteria has been described previously (20, 29, 30). Antisera to serotypes I, 11, and V of M. fortuitum were available from previous studies (13, 18, 24, 31), and additional antisera were prepared against a serotype I11 (a clinical isolate from Zaire), a serotype IV (NCTC 2006), a serotype VI (collection no. 91), and a serotype VII strain (collection no. R49).
RESULTS
Cultural properties. All strains grew within 7 days on Lowenstein-Jensen medium at 3 2 C, and 41 strains grew within the same period at 4 2 C. None of the strains were chromogenic. All strains grew on MacConkey medium at 3 2 C with binding of the indicator dye. On nutrient agar, three colony types were observed, one smooth type (S) and two rough types (R1 and R2) as previously described (12) . The S colonies were glossy, mucoid, and dome shaped with an entire edge. R1 colonies were flat, opaque, brittle, and rhizoid, and R2 colonies were of a waxy appearance and consistency with an undulate edge and a central papilla. Forty-three strains contained S colonies with varying numbers of R1 and R2 colonies. Twelve strains were purely of the R1 type, 41 were purely of the R2 type, and 4 were a mixture of R1 and R2 colonies.
Biochemical properties. All strains hydrolyzed Tween 80 within 10 days. Arylsulfatase activity was detectable in 9 3 strains within 3 days and in all strains within 10 days. Ninetynine strains reduced nitrite ions within 4 h, and one strain gave a weak reaction only after 24 h. Niacin was not produced by any of the strains.
On the basis of carbohydrate utilization, the strains were divisible into the three biotypes of Bonicke (5) . Thus, 38 strains utilizing glucose, fructose, mannose, and trehalose were of biotype A, 17 strains also utilizing mannitol and sorbitol were of biotype B y and 45 strains additionally utilizing inositol were of biotype C. Arabinose, dulcitol, erythritol, galactose, lactose, raffinose, rhamnose, and xylose were not utilized by any strain.
Ninety-eight strains hydrolyzed urea, 98 hydrolyzed allantoin, and 84 hydrolyzed acetamide. Other amides hydrolyzed were malonamide (eight strains), succinamide (three strains), and benzamine (one strain). The hydrolysis of isonicotinamide and pyrazinamide was extremely variable quantitatively and not readily reproducible, but almost all strains hydrolyzed these compounds t o some degree. None of the strains hydrolyzed nic o t in am id e or salicylamide.
Cytosine was hydrolyzed by all strains but, as in the case of isonicotinamide and pyrazinamide, there was marked quantitative variation. Ten strains possessed strong thymine and uracil hydrolase activity, whereas the other strains showed n o activity in this respect.
Aminoglycoside resistance. All strains were sensitive t o gentamicin (1 0 pg/disk), with zone sizes of 12 to 27 mm. Ninety-six strains were resistant t o the 10 pg of streptomycin per disk, and four were sensitive, with zone sizes of 24 f 1 mm. Ninety-two strains were sensitive to neomycin (10 pg/disk), with zone sizes of 12 to 
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5 ; Same as no. 8 2 Recent 32 mm, and t o kanamycin (30 pg/disk), with zone sizes of 15 to 34 mm; the other eight strains were resistant to both antibiotics. Lipid chromatography. Two main lipid patterns were observed corresponding t o the F (Fortuitum) and P (Peregrinum) patterns described by Jenkins et al. (16) . Fifty-four strains were of the P type, 38 were of the F type, and 8 showed no specific lipid pattern. Three of the F types showed minor variations: two had an extra orange spot (F'), and one had an extra sky-blue spot (F").
Immunodiffusion serology. As described in previous studies (29, 3 l ) , the precipitation lines were divisible into three groups: those shared with all other mycobacteria (group i antigens), those shared with other rapid growers (group iii), and species-specific antigens (group iv). In this study, nine group iv antigens were observed, but no strain possessed more than six. Three of these antigens were present in each of the 100 strains studied. On the basis of the variable possession of the other six antigens, seven serotypes were determined, five of which have been described previously (12, 18, 24) . The use of antisera t o serotypes I11 and IV has confirmed the antigenic structure of serotype IV but has shown that the serotype 111 strains possess an extra antigen peculiar to themselves. Two additional types, VI and VII, were determined; these contained one and two strains, respectively. Their antigenic structure has been confirmed by the use of type-specific antisera. The antigenic structures of the seven serotypes are shown in Fig. 1 .
Thirty-eight strains were of serotype I, 35 were of serotype 11, 2 were of serotype 111, 7 were of serotype IV, 13 were of serotype V, 1 was of serotype VI, and 2 were of serotype VII.
The cotype strains of M. f o r t u i t u m and M.
ranae, and a strain referred to as M. minetti, were of serotype I, and the type strains of M. The results of this and previous studies have shown that there is considerable cultural, biochemical, and antigenic variation within the serologically defined species M. fortuitum . Table 2 shows the variation found within each serotype. A close correlation exists between the various properties listed. Thus, all serotype I strains failed to utilize the alcoholic sugars inositol, mannitol, and sorbitol; all strains of serotypes V, VI, and VII utilized mannitol and sorbitol; and, with a single exception, the strains of serotype 11, 111, and IV utilized inositol. The lipid patterns are also related to serotype, the Fortuitum pattern (1 6) occurring in serotypes I and VII and the Peregrinum pattern in the other serotypes. Naturally occurring resistance t o kanamycin and neomycin, which is due to enzymatic degradation of the drugs (14) , is restricted t o serotypes I11 and IV. Such resistance correlates closely with thymine and uracil hydrolase activity: the ten strains that hydrolyze these pyrimidines include the eight strains that are resistant to kanamycin and neomycin. The other two strains possess strong succinamidase activity, the significance of which is unknown. Colonial morphology is partly related to serotype: thus, S forms occur only in serotypes 11, 111, IV, VI, and VII, and, of the 38 serotype I strains, 36 are of the R2 type. Studies on single, smooth colony isolates have shown that irreversible smooth-to-rough variation occurs (12) . However, in the majority of cases such variation is not accompanied by Table 4 according t o serotype. Strains of serotypes 111 and IV cannot be distinguished from each other culturally or biochemically but differ from all other types in giving the most positive reactions. In contrast, strains of serotypes I and V in particular differ from the biotype C strains (serotypes 11, 111, and IV) by the lack of several characteristics. In a previous study (1 2) , it was shown that strains of serotypes I and V could be derived at low frequency from a genetically more complete serotype I1 strain. As this change was irreversible, it was concluded that a major mutation, probably deletional, had occurred. It was postulated that such mutation could play an important role in the origin of intraspecific variants in this and other mycobacterial species. Such a concept would also explain the occurrence of forms intermediate between the major variants which could arise by small deletions or point mutations. For example, one serotype IV strain was sensitive t o kanamycin and neomycin, a serotype I1 strain failed t o utilize inositol, and another failed to hydrolyze acetamide.
Although a large number of strains of diverse geographical origin have been examined, it is probable that additional variants exist, some of which may be of limited geographical distribution. The strains of serotypes I, 11, IV, and V studied were from widely distributed areas throughout the world, but the two serotype 111 strains were isolated near Kinshasa, Zaire, and the two type VII strains came from mud in the Lango district of Uganda. Some of the minor variations within the species may be associated with lysogeny. Despite the extent of variation within M. fortuitum, there are, of course, many properties constant for this species so that the strains form a distinct cluster on numerical analysis (18) . Although there are some points of similarity between serotype I strains of M .
fortuitum and strains of M. chelonei, there is n o reason for confusion t o occur. Both groups of strains utilize glucose, mannose, and trehalose at 28 C, but strains of M. chelonei are unable t o d o S G at 40 C; in addition, the latter are unable to reduce nitrate or hydrolyze allantoin, do not grow at 42 C, differ in colonial morphology, and possess a different lipid pattern. On immunodiffusion analysis, they bear n o closer relationship t o M. fortuitum than t o any other rapidly growing mycobacterium (32) .
The strains analyzed in this study were isolated from humans and other animals and from environmental sources. Those isolated from human sources were divisible into two groups: those clearly associated with disease, i.e., the only pathogen isolated from abscesses, and those isolated from sputum or urine with no proven association with disease. Table 5 shows the distribution of strains according t o these groups and to the serotypes. Strains of serotype I are most commonly associated with disease, whereas n o definite cases of disease are attributed to strains of serotype 11. It is of some relevance that the great majority of strains isolated from the Ugandan environment were of serotype 11, whereas two strains isolated from injection abscesses from the same geographical area were both of serotype I. It is also noteworthy that the type strains are all of .
either serotype I or V, probably because until recently the great majority of mycobacteria in culture collections were isolated from clinical material rather than from the environment.
We do not consider that all the variants described merit subspecific status. However, it be subdivided by means of bacteriophage typing (13). Now that M. fortuitum is the correct name for a well-defined mycobacterial species, it is hoped that in the future it will be used as such and not as a broad term for any kapidly growing, nonchromogenic mycobac terium isolated from clinical material, which has frequently been the case in the past.
